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[57] ABSTRACT

A leg stabilization apparatus for a trunk extension/flex-
1on test, rehabilitation and exercise machine wherein a
person secured to an input assembly of the machine
engages in trunk extension/flexion motion. The appara-
tus comprises a popliteal pad assembly, a thigh-knee pad
assembly and a tibia pad assembly. The popliteal pad
assembly has two popliteal pads which bear against the
back of the person’s knees. The height of the popliteal

‘pad assembly is adjustable. The thigh-knee pad assem-

bly has two thigh pads which bear against the person’s
thighs and two knee pads which bear against the inside
of the legs at the knees. The tibia pad assembly has two
tibta pads which bear against the tibia. Both the thigh-
knee pad assembly and the tibia pad assembly are se-
cured to the popliteal pad assembly by use of telescop-
ing tubes which are locked into receiving tubes in the
popliteal pad assembly.

7 Claims, 11 Drawing Figures
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LEG STABILIZATION FOR A TRUNK
EXTENSION/FLEXION TEST, REHABILITATION
AND EXERCISE MACHINE

FIELD OF THE INVENTION

This mvention relates to a leg stabilization apparatus
for a trunk extension/flexion test, rehabilitation and
exercise machine wherein a person secured to an input
assembly of the machine engages in trunk extension/-
flexion motion.

BACKGROUND OF THE INVENTION

In order to be able to effectively test, rehabilitate and
exercise a person’s back musculature involved in trunk
extension/flexion motion, it is important to prevent
motion by muscle groups other than the back muscula-
ture which performs the trunk extension/flexion mo-
tion. Specifically, if the legs are not stabilized, it is im-
possible to determine the range of motion traversed by
the trunk in the trunk extension/flexion motion. Also, if
the legs are free to move during the trunk extension/-
flexion test, rehabilitation or exercise procedure, an
‘appreciable amount of force could be produced by the
lower body in the movement, making it impossible to
measure in isolation the strength of the trunk muscula-
ture in the trunk extension/flexion motion.

Presently, leg straps are used for leg stabilization on
trunk extension/flexion machines. These leg straps have
proved to be unacceptable for a number of reasons.
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First, leg straps are not rigid enough to provide the

degree of stabilization required. Also, leg straps are not
comfortable for the person, and such discomfort will
discourage the person from exerting the maximum
trunk extension/flexion force possible and also will
discourage the person from extending or ﬂexmg the
trunk to the full range of motion. Stabilization using leg
straps has the additional disadvantage of not being able
to be easily and quickly accemphshed Further, the
stabilization of the legs by leg straps is not reproducible
in that the stabilization provided by leg straps differs
from procedure to procedure, making it virtually im-
pOSSlble to make comparative measurements of a per-
son’s trunk musculature strength and trunk extension/-
flexion range of motion from one procedure to another.

SUMMARY OF THE INVENTION
The present invention is for a leg stabilization appara-
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tus for a test, rehabilitation and exercise machine for

stabilizing the legs of a person secured in the machine.

50

The leg stabilization apparatus has a popliteal pad

assembly movably attached to a frame of the machine
wherein the height of the popliteal pad assembly can be
adjusted so that popliteal pads of the popliteal pad as-
sembly are agamst the back of the knees of the person.

A rack and pinion drive is used to make the height
adjustment of the popliteal pad assembly.

The popliteal pad assembly has a top recewmg tube
and a bottom receiving tube designed to receive a thigh-
knee telescoping tube of a thigh-knee pad assembly and

a tibia telescoping tube of a tibia pad assembly, respec-

tively. The thigh-knee pad assembly has two thigh pads
for placement against the thighs and two knee pads for
placement inside the legs against the knees.

To secure the thigh-knee pad assembly to the p0p11-
teal pad assembly the thlgh-knec telescoping tube is
inserted into the top receiving tube of the popliteal pad
assembly. When the thigh pads and the knee pads are
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tightly against the thighs and the inside of the legs at the
knees, respectively, a toggle clamp on the thigh-knee
pad assembly is then placed in a locked position secur-
ing the thigh-knee pad assembly to the popliteal pad
assembly.

- To secure the tibia pad assembly to the popliteal pad
assembly the tibia telescoping tube is inserted into the
top receiving tube of the popliteal pad assembly. When
the tibia pads are tightly against the thighs, a toggle
clamp on the tibia pad assembly is then placed in a
locked position securing the tlbla pad assembly to the
popliteal pad assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a trunk extension/-
flexion test, rehabilitation and exercise machine which
contains a leg stabilization apparatus of the present
invention wherein a person who is secured in an input

-assembly of the machine is in a bent over or trunk flex-

10n position;

FIG. 2 is another perspective view of the trunk exten-
ston/flexion machine of FIG. 1 wherein the person is in
a straight up or trunk extension position;

FIG. 3 is a partial side elevational view of the ma-
chine of FIG. 2 along the direction of arrow x of FIG.
1 showing a portion of the leg stabilization apparatus of
the present invention;

FIG. 3A is a partial side elevational view of the ma-

,chine of FIG. 2 along the direction of arrow y of FIG.

2 showing a portion of the leg stabilization apparatus of
the present invention;

FIG. 4 is a simplified partial top view of a popliteal
pad assembly of the present invention;

FIG. 4A is a simplified front partial front elevational
view of the popliteal pad assembly of the present inven-
tion;

FIG. Sis a sunphﬁed partial side elevational view of
FIG. 4,

FIG. 6 1s a side elevational view partly in section of a.
thlgh-knee pad assembly of the present invention;

FIG. 7 is a front elevational view of the thigh-knee
pad assembly of FIG. 6 wherein a toggle clamp of the
thigh-knee pad assembly is not shown;

FIG. 8 is a side elevational view partly in section of a
tibia pad assembly of the present invention; and

FIG. 9 is a front elevational view of the tibia pad
assembly of FIG. 8 wherein a toggle clamp of the tibia
pad assembly is not shown.

- DETAILED DESCRIPTION OF THE
INVENTION

A trunk extension/flexion test, rehabilitation and

‘exercise machine 1 which contains a leg stabilization

apparatus 100 of the present invention is shown in

FIGS. 1 and 2. The machine 1 is designed for the test-

ing, rehabilitation and exercise of the trunk musculature
used in trunk extension and trunk flexion movement.
FIG. 1 shows a person secured to the machine 1
wherein the person is in the trunk flexion or bent at the
waist position. FIG. 2 shows the person secured to the
machine 1 wherein the person is in the trunk extension
or straight up position.

An input assembly 10 of the machine 1, which in-
cludes two input arms 11 and 12, a chest pad 13 and a
scapula pad 14, as shown in FIGS. 1 and 2, rotates
downwardly when the person engages in trunk flexion
movement and rotates upwardly when the person en-
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gages In trunk extension movement. A trunk flexion
movement 1S movement from the position shown in
FIG. 2 to the position shown in FIG. 1. A trunk exten-
sion movement is movement from the position shown in
FIG. 1 to the position shown in FIG. 2.

The person is secured at the waist in the machine 1 by
a pelvic strap 18 as shown in FIGS. 1 and 2. The lower
back of the person rests against a back pad 19. The legs
are stabilized by the leg stabilization apparatus 100 of
the present invention.

As shown in FIGS. 1 and 2, the chest pad 13 of the
input assembly 10 bears against the chest of the person
and the scapula pad 14 bears against the scapula. The
chest pad 13 is attached to the scapula pad 14 by belts
15. The scapula pad 14 is attached to slide blocks 16 and
17 which slide over input arms 11 and 12 respectively.
Slide blocks 16 and 17 are locked at any desired vertical
position on input arms 11 and 12 using a suitable locking
means such as toggle clamps (not shown).

The input assembly 10 is rotatably attached to a frame
5 of the machine 1 such that the input assembly 10 will
rotate upwardly in relation to the frame 5 when the
person engages in trunk extension movement and will
rotate downwardly in relation to the frame 5 when the
- person engages in trunk flexion movement.

An isokinetic dynamometer (not shown), which is
mechanically connected to the input assembly 10, mea-
sures the force which the person is able to exert in trunk
flexion movement and in trunk extension movement.

.. The dynamometer operates on the well-known theory
_of isokinetics whereby the rotational speed of the input
- assembly 10 cannot exceed a pre-determined limit. The

pre-determined rotational speed of the input assembly
10 is set by making a selection from dynamometer con-
trols (not shown) on the dynamometer.

‘The general theory of isokinetics is described in U.S.
Pat. No. 3,465,592 issued to J. J. Perrine on Sept. 9,
- 1969. The description of isokinetics contained in that
. patent 1s incorporated herein by reference.

* Until such time as the person exerts a force on the
“chest pad 15 or the scapula pad 14 sufficient to make the
“input assembly 10 rotate at the pre-determined speed,
the person will not feel any resistive force. However,
any attempt by the person to accelerate the input assem-
bly 10 beyond the pre-determined speed results in the
dynamometer providing an accommodating, resistive
force equal to the force exerted by the person. There-
fore, the person cannot make the input assembly 10
rotate any faster than the pre-determined set speed, and
any increased force exerted by the person is met by an

equal accommodating, resistive force from the dyna-

mometer.

The isokinetic dynamometer in the present embodi-
ment is similar to the dynamometer which is available as
part of the Cybex ®) 11+ test, rehabilitation and exer-
cise machine, which is manufactured and sold by the
Cybex Division of Lumex Inc., 2100 Smithtown Ave-
nue, Ronkonkoma, N. Y.

Since the dynamometer provides an accommodating,
resistive force equal to the force exerted by the person,
measurement of the force provided by the dynamome-
ter is also a measurement of the strength of the person’s
trunk musculature through the trunk extension and
trunk flexion movements. A computer (not shown) can
be used to record this measurement and process a group
of measurements for further analysis of the person’s

progress during the test, rehabilitation or exercise pro-
cedure.
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In the present embodiment, the isokinetic dynamome-
ter 1s located in a dynamometer enclosure 20. The dyna-
mometer enclosure 20 is rigidly attached to the frame 5
of the machine 1.

The leg stabilization apparatus 100 of the present
invention is shown in detail in FIGS. 3-9.

The popliteal pad assembly 400 is shown in FIGS. 3,
JA 4, 4A and 5. The popliteal pad assembly 400 includes
two popliteal pads 410 and 420, a top receiving tube
430, a bottom receiving tube 440, a popliteal pad sup-
port structure 450, a rack and pinion drive 460, and a
knob 470.

As shown in FIGS. 3 and 3A, the rack and pinion
drive 460 is mounted on a beam 25 of the frame 5 of the
machine 1. The popliteal pad support structure 450 is
rigidly attached to the rack and pinion drive 460. The
popliteal pads 410 and 420 are rigidly attached to the
popliteal pad support structure 450. The top receiving
tube 430 and the bottom receiving tube 440 are also
each rigidly attached to the popliteal pad support struc-
ture 450.

As shown in FIG. 3A, the rack and pinion drive 460
rides on the beam 25 of the frame 5 of the machine 1. To
adjust the vertical position of the popliteal pad assembly
400 on the beam 25 so that the popliteal pads 410 and
420 bear against the back of the person’s knees, the
operator of the machine 1 pushes in the knob 470. The
knob 476 is connected to the rack and pinion drive 460
in such a manner that pushing in the knob 470 releases
a lock on the rack and pinion drive 460 and turning the
knob 470 clockwise or counterclockwise raises or low-
ers, respectively, the popliteal pad assembly 400 on the
beam 25. The rack and pinion drive 460 in the present
embodiment is of conventional construction.

When the operator has moved the popliteal pad as-
sembly 400 to the desired position on the beam 25, he
releases the knob 470, causing a spring (not shown) to
force the rack and pinion drive 460 to lock at that posi-
tion. The operator can note the position of the popliteal
pad assembly 400 on the beam 25 by referring to a posi-
tion label 23 mounted on the beam 25 as shown in FIG.
JA.

As described below, the top receiving tube 430 of the
popliteal pad assembly 400 receives a thigh-knee pad
telescoping tube 255 of the thigh-knee pad assembly 200
and the bottom receiving tube 440 of the popliteal pad
assembly 400 receives a tibia telescoping tube 335 of the
tibia pad assembly 300.

The thigh-knee pad assembly 200, as best seen in
FIGS. 1, 2 and 7, has four pads, two of which bear
against the thighs and two of which bear against the
inside of the legs at the knees. The knee pads 210 and
220 and the thigh pads 230 and 240 are each rigidly
attached to a thigh-knee pad support structure 2506. A
thigh-knee telescoping tube 255 is part of the thigh-knee
pad support structure 250.

After the popliteal pad assembly 400 is positioned on
the beam 25 at the desired height so that the popliteal
pads 410 and 420 are directly behind the knees, the
thigh-knee pad assembly 200 is secured to the popliteal
pad assembly 400 in the following manner. First, an end
258 of the thigh-knee telescoping tube 255 is inserted
into the top receiving tube 430 of the popliteal pad
assembly 400. The operator pushes the thigh-knee pad
assembly 200 tightly against the person so that the thigh
pads 230 and 240 are bearing against the thighs and the
knee pads 210 and 220 are bearing against the inside of
the knees. To lock the thigh-knee pad assembly 200, the
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operator rotates the toggle clamp 260 upwardly to the
locked position shown in FIGS. 1, 2 and and 6. This
causes a rod 254 in the tube 255 to compress a polyure-
thane locking plug 270 at the end 258 of the thigh-knee
telescoping tube 255. At one end the rod 254 is con-
nected to the polyurethane locking plug 270 and at the
other end to the toggle clamp 260. As the polyurethane
locking plug 270 is compressed, it expands outwardly
inside the top receiving tube 430 of the popliteal pad
assembly 400, thus rigidly securing the telescoping tube
255 in the top receiving tube 430. The thlgh-knee pad
assembly 200 is now secured and cannot move in any
direction.

To remove the thigh-knee pad assembly 200, the
operator rotates the toggle clamp 260 downwardly in
the direction of the arrow of FIG. 6. This causes the rod
254 to move away from the polyurethane locking plug
270. The polyurcthane locking plug 270 then contracts
within the top receiving tube 430, thus permitting the
operator to remove the telescopmg tube 255 from the
top receiving tube 430.

The tibia pad assembly 300, shown in FIGS. 8 and 9,
has two tibia pads 310 and 320 which bear against the

tibia. The tibia pads 310 and 320 are rigidly attached to ’5

a tibia pad support structure 330. A tibia telescoping
- tube 335 is part of the tibia pad support structure 330.
An end 338 of the tibia telescoping tube 335 has a poly-
urethane locking plug 370 similar to the locking plug
270 of the thigh-knee pad assembly 200 a described
above.

To assemble the tibia pad assembly 300 the operator
inserts the tibia telescoping tube 335 into the bottom
receiving tube 440 of the popliteal pad assembly 400.
The operator pushes the tibia pad assembly 300 tightly
against the person so that the tibia pads 310 and 320 are
bearing against the tibia as shown in FIGS. 1 and 2. To
lock the tibia pad assembly 300, the operator rotates the
toggle clamp 360 downwardly to the position shown in
- FIGS. 1, 2 and and 8. This causes a rod 354 in the tube
335 to compress the polyurethane locking plug 370 at
the end 338 of the tibia telescoping tube 335. At one end
the rod 354 is connected to the polyurethane locking

plug 370 and at the other end to the toggle clamp 360.

As the polyurethane locking plug 370 is compressed, it
expands outwardly inside the bottom receiving tube 440
of the popliteal pad assembly 400, thus rigidly secunng
the tibia telescoping tube 335 in the bottom receiving
tube 440. The tibia pad assembly 300 is now secured and
cannot move in any direction.

To remove the tibia pad assembly 300, the operator
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The popliteal pad assembly 400, the thigh-knee pad
assembly 200 and the tibia pad assembly 300 provide the
stabilization required to prevent the legs of the person
from moving during the test, rehabilitation and exercise
procedure, thus permitting the dynamometer to mea-
sure in isolation the strength of the trunk musculature in
trun extension/flexion movement. Also, the apparatus
100 of the present invention, when in place, supports the
body weight of the person, allowing the person to relax.

Further, the leg stabilization apparatus 100 of the
present invention forces the person into a limited degree
of knee flexion. Knee flexion allivates some of the
stretch on the hamstrings, reducing the effect tight
hamstrings would have on the person’s trunk flexion
range of motion, and thus permits the person to engage
In the greatest trunk flexion range of motion possible.

Because the leg stabilization apparatus 100 of the
present invention is very comfortable, the person in the
machine 1 will not be inhibited in his or her trunk exten-
sion or trunk flexion movement, and will be able to
exert full trunk musculature rotational force in the
movement. |

The stabilization provided by the leg stabilization
apparatus 100 of the present invention has the additional
advantage in that it is reproducible, i.e., the leg stabiliza-

tion can be duplicated next time the person uses the
~machine 1 for further testing, rehabilitation or exercise

procedure.

It 1s to be understood that the leg stabilization appara-
tus of the present invention could be used on a test,
rehabilitation or exercise machine other than the trunk
extension/flexion machine 1 described above.

Applicant’s invention is not limited to the embodi-
ment of the leg stabilization apparatus described above.
It 1s further understood that applicant’s invention is as

- set forth in the following claims.

We claim:

1. A leg stabilization apparatus on a test, rehabilita-
tion or exercise machine for stabilizing the legs of a
person secured in an upright position in the machine

~ comprising:

45
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rotates the toggle clamp 360 upwardly in the direction -

of the arrow of FIG. 8. This causes the rod 354 to move
away from the polyurethane locking plug 370. The
polyurethane locking plug 370 contracts within the top
receiving tube 449, thus permitting the operator to re-
move the telescoping tube 335 from the bottom receiv-
ing tube 440.

Until the assemblies 200 and 300 are secured to the
popliteal pad assembly 400, the person is supporting his
or her body weight with muscles in the hip and legs.
However, after the thigh-knee pad assembly 200 and the
tibia pad assembly 300 are secured to the popliteal pad
assembly 400 as described above, the person can relax

55

because the leg stabilization apparatus 100 supports the 65

body weight of the patient. This makes the leg stabiliza-
tion apparatus 100 very comfortable in a manner not
found when leg straps are used for leg stabilization.

a popliteal pad assembly including popliteal pads:

- means for securing the popliteal pads to a frame of the
machine in a position such that the limb engaging
portion of said popliteal pads lies in a substantially
vertical plane for placement against the back of the
knees when the person is in the upright position,

~ causing a limited degree of knee flexion;

thigh pads for placement against the distal portion of
the thighs to prevent inferior motion of the pelvis
when the person is in the upright position:

means for securing the thigh pads to the popliteal pad
assembly such that the thigh pads are positioned
generally above the popliteal pads, while the limb
engaging portion of said thigh pads lies in a sub-
stantially vertical plane and faces the limb engag-
ing portion of said popliteal pads;

knee pads for placement against the inside of the
knees when the person is in the upright position;

means for securing the knee pads to the popliteal pad
assembly such that the pads are located generally
between the popliteal pads, wherein the knee pads
keep the person’s knees apart when the person is
stabilized in the leg stabilization apparatus;

tibia pads for placement against the tibia to prevent
inferior motion of the pelivs when the person is in
the upright position; and
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means for securing the tibia pads to the popliteal pad
assembly such that the tibia pads are positioned
generally below the popliteal pads, while the limb
engaging portion of said tibia pads lies in a substan-
tially vertical plane and faces the limb engaging
portion of said popliteal pads, wherein neither the
thigh pads nor the tibia pads bear directly against
the front of the person’s knees and the body weight
of the person is supported by the leg stabilization
apparatus. -

2. The leg stabilization apparatus of claim 1 also com-
prising means for adjusting the height of the popliteal
pad assembly on the frame of the machine.

3. The leg stabilization apparatus of claim 2 wherein
the adjusting means comprises a rack and pinion drive.

4. The leg stabilization apparatus of claim 1 wherein
the knee pads and the thigh pads are rigidly attached to
a thigh-knee pad support structure and the tibia pads are
rigidly attached to a tibia pad support structure wherein
the popliteal pad assembly also comprises a top receiv-
ing tube and a bottom receiving tube for receiving a
thigh-knee pad ielescoping tube and a tibia telescoping
tube, respectively, the top receiving tube and the bot-
tom receiving tube arranged in parallel relation,
wherein the thigh-knee telescoping tube is rigidly at-
tached to the thigh-knee pad support structure and the
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tibia telescoping tube is rigidly attached to the tibia pad
support structure.

5. The leg stabilization apparatus of claim 4 wherein
the means for securing the thigh pads and the knee pads
to the popliteal pad assembly comprises a locking plug
at an end of the thigh-knee telescoping tube, a rod in the
thigh-knee telescoping tube attached at one end to the
locking plug and a toggle clamp attached to the other
end of the rod wherein the rod compresses the locking
plug when the toggle clamp is placed in a locked posi-
tion, causing the locking plug to expand within the top
recerving tube of the popliteal pad assembly and secur-
ing the thigh-knee telescoping tube in the top receiving
tube.

6. The leg stabilization apparatus of claim 4 wherein
the means for securing the tibia pads to the popliteal pad
assembly comprises a locking plug at an end of the tibia
telescoping tube, a rod in the tibia telescoping tube
attached at one end to the locking plug and a toggle
clamp attached to the other end of the rod wherein the
rod compresses the locking plug when the toggle clamp
1s placed in a locked position, causing the locking plug
to expand within the bottom receiving tube of the popli-
teal pad assembly and securing the thigh-knee telescop-
ing tube in the top receiving tube.

7. The leg stabilization of claim 2 also comprising
means for determining the vertical position of the popli-

teal pad assembly relative to the frame of the machine.
*x * % Xx *x
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